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REGULAR MEETING, April 4th, 1890. 


Vice-President Breneman in the chair. 

Dr. C. E. Munsell was appointed Recording Secretary, pro tem. 

Mr. E. J. Milhau, 183 Broadway, New York, was elected an 
associate. 

The following nominations were read : Ernest J. Lederle, Ph. B., 
P.O. Box 197, Stapleton, Richmond Co., New York, asa member ; 
Dr. William MceMurtrie, N. Y. Tartar Co., 63 William street, 
New York, as a member; Lt. W. R. Quinan, Supt. California 
Powder Works, Pinola P. O., California, as an associate member. 

The following papers were read : 

On the preparation of thiophene (with exhibit and experiments), 
by L. H. Friedburg, Ph. D. 

Titanium in Blast Furnaces, by Auguste J. Rossi, Ph. D. 

The meeting was then adjourned. 

C. E. MUNSELL, 
Recording Secretary, pro tem. 











THE KEKULE ANNIVERSARY. 


The celebration by the Berlin Chemical Society, of the twenty- 
fifth anniversary of the announcement of the benzol theory and 
the reception to its author Prof. August Kekulé, occurred at Berlin, 
on March 11, 1890. 

Notices of the coming celebration were received by the American 
Chemical Society, with an invitation to send a representative to 
the meeting, but the time was too short to permit of action by the 
Society. Official acknowledgment of the invitation was made, how- 
ever, in the following letter by the president, Prof. H. B. Nason. 

Troy, N. Y., Feb. 22d, 1890. 
To THE PRES’T OF THE CHEM. Soc, OF BERLIN : 

My Dear Sir: Your kind letter inviting us to send a repre- 
sentative to the Kekulé Festival on the 11th of March is at hand. 
We regret exceedingly that we cannot be represented there, but 
desire to express our deep interest in the Festival, as well as in the 
man who has done so much for the advancement of Chemistry. 

Believe me, my dear sir, to remain, yours most truly, 

H. B. Nason, 
Pres’t of the ‘‘ Amer. Chem. Society.” 

Adeqnate accounts of the meeting through scientific sources 
have not yet reached this country. The following extract from a 
daily paper of Berlin will be of interest: 

(From the ** Vossische Zeitung,” March 12, 1890.) 

The great celebration given yesterday by the German Chemical 
Society, in the large room of the City Hall, in honor of August 
Kekulé, upon the twenty-fifth anniversary of the formulation of the 
benzol theory was a reunion of the representatives of chemical 
science from every quarter. ; 

By the side of the honored guest, whose seat was entwined with 
foliage, was seated the representative of the government, Minister 
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of State von Gossler. Among others present were the Director 
General of the Royal Museum, Privy Counsellor Schoene; the Di- 
rector of the Museum of Natural History, Privy Counsellor Moe- 
bius; the Director of the Imperial Board of Health, Privy 
Counsellor Kéhier, in company with ‘‘ Regierungrath” Prof. Sell ; 
the Director of the Bureau of Statistics, Privy Counsellor Blenk ; 
the Rector of the Technical High School, Prof. Jacobsthal ; the 
President of the Photographic Society, Prof. Vogel ; the Aldermen 
Marggraf and Borchardt and others. 

Of the numerous chemists who appeared, some of them even 
from the New World, were Prof. Armstrong of London, Prof. 
Korner of Milan, Prof. Bischof of Riga, Profs. Wislicenus of 
Leipzic, von Baeyer of Munich, Victor Meyer of Heidelberg, arid 
his brother Rich. Meyer, Poleck and Ladenburg of Breslau, Zinke 
of ;Marburg, Débner and Volhard of Halle, Wallach of Gottingen. 
Privy Counsellor Dubois-Reymond represented the Academy of 
Sciences. Practical chemistry also was represented by the bearers 
of well known names; we mention only Directors Finkelberg and 
Holtz of Schering’s Works, and Hasenclever of the Rhenania, Dr. 
Bannow of the firm of Kahlbaum, Dr. Sarnow, Dr. Kraemer, Dr. 
Marrasse and others. The spaces under the arcades were occupied 
by ladies. 

Prof. von Hofmann, as President of the German Chemical 
Society, opened the meeting with words of welcome and presented 
a letter from the Cabinet of the Emperor in regard to the celebra- 
tion, which had been “noticed with especial interest ; returning 
thanks for the invitation and regretting that it was impossible to 
be present.” Prof. Hofmann then briefly described the origin 
of the benzol theory and gave a sketch of its importance to 
science and industry. He showed in a striking manner how a 
small thought may permeate an entire science, and how Kekulé’s 
theory in particular will be a guiding star towards which chemical 
investigators of coming generations will thankfully direct their 
eyes. 

Dr. Adolph von Baeyer of Munich, the successor of Liebig and 
the oldest of Kekulé’s pupils, commended the work of Kekulé 
in the light of the latest investigations, and characterized the 














82 THE KEKULE ANNIVERSARY. 
celebration as the crowning festival (Richtfest) of structural 
chemistry. 

Prof. Wichelhaus congratulated the honored guest of the meet- 
ing in the name of the German Chemical Society, and presented 
an address artistically executed by K. Roehlich. 

Prof. Armstrong, representing English chemists, offered an 
address printed in gold upon white satin, the reading of which 
was received with great applause. The address of the French 
chemists was read by Prof. Martius. Prof. Bischof spoke for the 
chemists and physicists of the Russian Empire, and characterized 
the celebration as a day of triumph for science. He also presented 
an address, which was heartily applauded. Prof. Durand Wood- 
man, of New York, spoke in English for the chemists of America. * 
Prof. Korner, of Milan, a former assistant of Kekulé, spoke for 
the chemists of Italy, and especially for the academies and: uni- 
versities. The Academie de Lincei of Rome and numerous 
corporations of Italy also sent congratulations. For the industry 
of the coal tar colors Dr. Glaser, of Ludwigshafen, delivered a 
lengthy address, and announced the completion of a portrait of 
Kekulé by Prof. von Angeli, which was to be presented after the 
dinner, and which is to be hung in an appropriate place in this 
city. 

Prof. Kekulé, in conclusion, heartily thanked the assemblage 
for the ovations tendered him, which he declared to be ‘‘ far above 
his deserving.” His remarks, which were as modest as they were 
witty, were enthusiastically received by the’ meeting. 


* Dr. Woodman was in Berlin at the time of the celebration, and, at the 
request of Prof. A. W. Hofmann, and as a member of the American 
Chemical Society, merely read the letter of the President of the Society, 
Prof. Nason, which is published herewith. In a letter to the editor he 
disclaims any attempt to act as the official representative of the Society or 
of the chemists of America in the absence of direct authority to do so. 

















ON THE PREPARATION OF THIOPHENE. 
By L. H. Frrepsure, Pu. D. 


Pursuing the investigation in regard to the formation of anthra- 
quinone from thiophenalaehyde’ it was found that thiophene zould 
be prepared at about one-fifth of the price of the imported article 
(nearly forty dollars per pound), and it was therefore made in 
the laboratory. : 

Although the preparation of thiophene is not new’, nor especially 
difficult, it may be useful to others to have a description of the 
method in detail. 

The preparation of thiophene involves the use of sodium suc- 
cinate and phosphorus trisulphide. Thiophene is produced when 
these two substances are jointly subjected to destructive distilla- 
tion. 

Sodium Succinate.—Succinic acid is more easily obtainable than 
its salts. In each case 450 grms. of succinic acid (about one pound) 
were dissolved in a litre of boiling distilled water. The acid used 
was the intermediate one of the three kinds offered in the market, 
called *‘ pure.” It was clean, white and of very nearly the correct 
melting point, between 178° C. and 185° C. It is sufficiently pure 
for our purpose. ‘The gently boiling solution was very gradually 
saturated with the so-called dry sodium carbonate. This latter 
is not dry, nor pure, but loses, when fused, 31.66 per cent., 
which loss is due to water and also to carbon dioxide, bicarbonate 
being present. It does noé contain ammonium salts, as proved by 
Nessler’s test. 600 grms. of such sodium carbonate, finely 
powdered, were used. 

After neutralization, the liquid was allowed to stand over night. 
About 800 grms. of well formed, colorless crystals of sodium suc- 

\ 


1 J. Am. Chem. Soc., 12, 26. 


2 Ber., 18, 454. 
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cinate were obtained the following morning. The mother liquor 
was poured off and evaporated on the water bath, stirring towards 
the end of the process. ‘The resulting mass was more yellow than 
the crystals first obtained. The crystals were allowed to drain in 
a large funnel on a tuft of glass wool, a small cylinder of wrapping 
paper being inserted in the tube of the funnel. Both crops were 
then dried in a steam oven. ‘The crystals offer no difficulty in 
drying, but the evaporated mass must be put into a dish, because 
it liquifies partly during the first hours of drying. After two days 
treatment in this way all of thesalt was spread upon filter paper and 
putinto a drying oven kept constantly at about 110°C. Continu- 
ing this treatment for a week, the six mols. of water, with which 
sodium succinate crystallizes, were finally expelled. The mass 
does not powder very easily and spreads an irritating dust. It is 
passed through a sixty mesh sieve and kept in well-stoppered 
bottles. 

Phosphorus Trisulphide.—This mixture, which, as a dehydrat- 
ing agent we owe to Kekulé, was prepared in the following man- 
ner. Absolutely dry red phosphorus, and dry washed flowers 
of sulphur were most intimately mixed in the proportion of 62 P 
to 96 8, first on a large sheet of paper with a broad spatula, crush- 
ing every small lump of phosphorus which might remain, then in 
amortar. The mixture has to be fused together. Since I pre- 
pared 24 kilos. of it in a very short time, with little loss of mate- 
rial, I will give the mode of procedure. 

Take two .sound Berlin porcelain crucibles, 2 in. deep, 3% in. 
upper and 14 in. lower diameter, with covers. Put each into an 
iron ring on a tripod, so that the ring clasps the crucible at about 
two-thirds of its height. Work under a good hood to carry off va- 
pors. With a porcelain spatula, nearly as broad as the mouth of 
the crucible, put as much as the spatula will comfortably hold into 
the crucible. Cover and heat gently with a Bunsen burner. A 
slight explosion is heard, a faint flame becomes visible through 
the translucent crucible and white vapors are forced out at the 
edge of the cover. Remove the burner; it is unnecessary to heat 
the crucible further. The next charge is added as scon as no 
spontaneous combustion occurs on lifting the cover of the crucible. 
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Gradually and in small portions, as indicated, the crucibles are 
filled, finally almost to the edge, with the quietly flowing molten 
mass. ‘The covers must not be opened unnecessarily. ‘The crucibles 
are allowed to cool. When quite cooi they are tilted over a clean 
piece of paper and a gentle tap brings out the cone. The mass is 
crystalline in part, waxy and of a dark grayish yellow. It is 
broken into large pieces and these are at once transferred to quite 
dry, wide salt-mouthed bottles and the stoppers are sealed with 
paraffine. 

The loss of material by burning, if the process is carried out as 
above, is slight, being between six and eight per cent. I obtained, 
for instance, from a charge consisting of 124 grms. of phosphorus 
and 192 grms. of sulphur, 298 grms. of the so-called phosphorus 
trisulphide, thus having lost but 18 grms. The average charge 
for two crucibles of the size mentioned is a little greater. Most of 
the loss involved occurs at the beginning of the operation, when 
the crucibles are then only partly filled and air is more abundant 
within them than afterwards. 


Thiophene.\—The process of destructive distillation of sodium 
succinate with phosphorus trisulphide was carried out in a tubu- 
lated, two litre retort, higher than broad, connected with a Lie- 
big’s condenser, four feet long. A smaller cooler may do as well 
or even a well cooled flask, into which the neck of the retort 
reaches, might serve, but a long condensing tube retains more of 
a semi-solid yellow substance, which is also formed in this process, 
and thus the distillate obtained is purer. 

Not more than about 155 grms. of sodium succinate are weighed 
out and mixed intimately with the double quantity, viz., 310 
grms. of well crushed phosphorus trisulphide. The powdering of 
the trisulphide is facilitated by adding a little of the dry succinate 
powder from the start. The mixture is run, by means of a wide 
funnel, into the retort, which it nearly half fills. The bottom of 
the retort rests free in a ring, without either wire gauze or iron 


plate underneath it. ' 





1 J. Am. Chem. Soc., 12, 29, foot note. 
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By means of the full flame of a broad round burner a uniform 
heat is applied. The mass soon begins to assume a dark brown 
color in spots. ‘The burner is removed and the reaction con- 
tinues. ‘The mass swells a little, vapors which contain much 
hydrogen sulphide are given off, so that most perfect ventilation is 
necessary during the process. Soon the neck of the retort and 
the condenser tube become lined with yellow drops, condensing 
in the cooler toa half solid substance, while an abundant flow of 
an almost colorless liquid fills the receiving flask. After some 
time (generally in about ten minutes) the distillate runs less 
briskly. Then the heat under the retort is renewed, until the 
dropping becomes so slow as to make further work unprofit- 
able. 

The distillate, which has a golden yellow color, is at once re- 
distilled from a water bath, yielding an easy flowing, almost color- 
less oil, still slightly impure from presence of H, S. 

I remark here, that it is more profitable not to distill such a 
small quantity as we obtain from 155 grms. of sodium succinate, 
but to repeat the process, just described, four times with little or 
no interruption with new quantities of- mixture, in new retorts 
and then to redistill the united crude distillates. All this can 
be done in two hours. 

The redistilled oil is then shaken with dilute alkali, which turns 
brown, while the oil (which, according to the strength of the 
alkali used, floats upon it or sinks below it) assumes its purer, 
colorless appearance. The two liquids are separated, either by a 
syphon or bya separating funnel, this latter being better for 
vigorous shaking and subsequent washing of the oil. The thio- 
phene obtained, being but slightly opalescent from water retained 
in it, is filtered through a small, dry, fluted filter into a flask with 
good stopper. Some long, thin strips of clean sodium, showing 
metallic lustre, are put into the thiophene and the liquid is 
allowed to stand with the metal over night. ‘Then the thiophene 





1 A previous shaking with calcium chloride is not necessary, nor is it 
advisable. In one instance, when I tried to dry the oil with a little 
solid, very pure Ca Cl,, a faintly rose colored solid was formed at the ex- 
pense of the oil, and I had to dissolve in water and distill again. 
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is distilled from the sodium on a water bath. It is thus perfectly 
pure. ‘The sodium assumes the color of ‘‘old gold.” 

From nearly 610 grms. of sodium succinate and 1,200 grms. of 
phosphorus trisulphide, treated in the manner described above, I 
obtained 150 grms. of pure thiophene. This is the obtainable 
yield, it is almost fifty per cent. of that indicated theoretically : 

C, H, 0, Na,—162. 
C 2. 8 = 34. 

At first I worked with quantities of sodium succinate up to 200 
grms. and more at a time. I also purified each raw distillate as 
soon as obtained, but got only 100 grms. of pure thiophene from 
600 grms. of succinate. Most of this discrepancy I have to at- 
tribute to the visible loss by adhesion of drops of oil to the wash 
liquids and in the distilling flasks ; some of it, of course; also to 
the large quantities used for destructive-distillation. I therefore 
recommend most strongly to use the figures given in my di- 
rections. 

The yellow substance, semi-solid in the cooler (some of it had 
also run down into the receiver), was allowed to drop slowly into 
adish. It continued for days to give off H, 8, and when put 
into a tube, closed by a cork, was puffed up towards the latter ; 
it gradually became harder, however. The black, uniformly 
caked mass in the original retort can be used to advantage for 
the preparation of hydrogen sulphide, this latter being developed 
from it by the addition of water. If, after the development of 
H, S, the mass is filtered, leached with water and the extracts 
filtered, the liquids evaporated to almost a syrup (which process 
gives rise to a new evolution of H, S), then put over a dessicator, 
white crystalline crusts begin to deposit and more H, S is given 
off. The liquid is of acid reaction. With reagents it answers 
neither to the phosphoric acid, nor to the sodium sulphide tests, ! 
but acts in general as a strongly reducing substance, indicative of 
phosphorous acid. The following reactions, which were performed 
with it, speak for themselves : 





1 J. Am. Chem., Soc., 12, 29; foot note. 
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Neutral lead acetate: White ppt., not changed on boiling. 

Alkaline sol. of lead acetate: White ppt., not changed on boiling. 

Acetic acid sol. of lead acetate: White ppt., not changed on 
boiling. 

Silver nitrate: Yellow ppt., turning brown and ultimately black 
on boiling. 

Mercuric chloride: White ppt., heavy gray on boiling. 

Mercurous nitrate: White, brown, finally black ppt. 

Cupric sulphate: Green ppt., on boiling reduced to red oxide 
and even to metallic copper. 

Ammoniucal sol. of Cu SO,: Blue ppt., green on boiling. 

Ammoniacal sol. of Ag NO;,: Brown ppt., then black and re- 
duced to silver. 

Ammonium molybdate: No precipitate, the liquid turned blue, 
indicating reduction to molybdic oxide. The same reaction took 
place wheu the liquid tested was previously neutralized with Na, 
CO,. 

Barium chloride: No precipitate. 

Ferric chloride: Acid and neutral, white ppt., unchanged on 
boiling. 

Magnesium sulphate (after N H, Cl and N H, OH): white ppt. 
cold or boiling. 

Ammoniacal Ammonium molybdate: also reduced to clear blue 
liquid. : 

Platinic chloride: nothing, cold, on heating the liquid turned 
mahogany brown and a black precipitate formed. 

Potassium iodide: no ppt., no coloration, cold or hot. 

Iodic acid: abundant reduction to iodine. 

Potassium permanganate (neutral): strongly reduced, first 
with simple decoloration. On adding more, until distinctly red 
and then boiling, chocolate brown precipitate. 

Sodium hydrate (saturated sol.) : black ppt. 

Nitric acid (cone.): Flocks of sulphur separate on boiling. The 
hquid filtered off did not give a ppt. with ammonium molybdate. 

Cone. H, SO, or H Cl produced opalescence and evolution of 
H, 8. 

When the original salt solution was evaporated to dryness in a 
porcelain crucible, spontaneously inflammable hydrogen phos- 




















ON THE PREPARATION OF THIOPHENE. 39 


phide was evolved in abundance. Finally the mass turned black 
and fused to a black, translucent glass. At the end of a platinum 
wire in a Bunsen flame (outer or inner) the glass swelled and gave 
aclear colorless bead. ‘This, dissolved in water, did nof yield a 
ppt. with molybdate solution. 

I cannot decide, as yet, whether the liquid giving the above 
tests is the solution of a uniform salt, or whether it contains sev- 
eral salts, and if so, what may be the nature of these. It is very 
apparent, however, that phosphorous acid, or phosphites, or both, 
are present in it. The formation of these is-easily explained, if 
we consider the substances present in the retort in which destruc- 
tive distillation of sodium “succinate with P, 8, was taking place, 
after the formation of thiophene had begun. The probability 
that a phosphoric acid, containing sulphur for some of its oxygen 
atoms, may have formed, is also indicated. 

This salt mixture, which donbtless retains some sodium sulphide, 
invites future study. (J. Am. Chem. Soc. 12, 29, footnote.) 

On redistilling the first crude oil from the waterbath, a consid- 
erable amount of an oil, non-volatile at steam heat, remained, 
together with a yellow solid substance. ‘This oil, of peculiar odor, 
faintly amber colored, did not permit of fractional distillation at 
once. It amounted to about 25¢.¢. At 87°C. it began to boil and 
gave some distillate, evidently containing thiophene. The tem- 
perature rose soon to 95° and then more rapidly to 120° C. Then 
suddenly a large amount of gas was given off. This effervescence 
subsided and gave way to a quiet flow of the liquid, which mean- 
while had assumed a dark brown color. Finally, and almost in- 
stantaneously, the temperature rose to 220° C. and the mass was 
driven up into the neck of the retort. The distillate was treated 
several times with solution of alkali, then washed, dried with a 
pinch of fused sodium chloride, filtered, shaken with metallic 
sodium and distilled from the same. I fractioned out of it six 
¢.¢, of an oil which gave the indophenin reaction and boiled at 86° 
wo.99° CO. 

In regard to the properties of thiophene I refer to my paper 
on anthraquinonet. In addition, it may be remarked that the 


1 J. Am. Chem. Soc., 12, 26 et seq. 
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specific gravity of thiophene, at 23°C. is 1.062. For this and other 
particulars see ‘‘ Die Thiophen: Gruppe.” ! 

The two most characteristic reactions of thiophene being the in- 
dophenin and the phenanthraquinone reactions, care should be 
taken to use pure isatin and pure phenanthraquinone. 

The brown commercial isatin is not fit to be used for the pur- 
pose. It is very simply purified by dissolving in a solution of 
potassium hydrate and then carefully adding hydrochloric acid, 
drop by drop. A leather-brown precipitate is formed, which is fil- 
tered at once. The filtrate, on addition ofa litttle more H Cl, 
yields a bright brick-red or vermilion precipitate of pure isatin. 
A drop of thiophene is mixed with ten c. c. of pure benzol. Very 
little isatin is introduced into this mixture and then conc. H, 80, 
is slowly run into the same, shaking the test tube all the time. 
The mixture assumes a deep color, more green than blue. On 
addition of water, indophenin is precipitated in dark blue flocks. 
These are soluble with marine-blue color in chloroform, the solu- 
tion showing its tint also by gaslight. 

The phenanthraquinone is obtained from commercial phenan- 
threne, which can be bought quite pure and of the correct melt- 
ing point, 99°C. . 

21 grms. of such phenanthrene are oxidized in a mixture of: 

30 grms. potassium dischromate, 
5 * gone. H, 8 0,, 
4 °-** water, 


ore 


according to Fittig and Ostermeyer®?. These authors recommend 
a recrystallization from equal volumes of glacial acetic acid and 
water. The phenanthroquinone thus obtained crystallizes in re- 
markably pretty tufts of gold bronze lustre’. 
College of the City of New York, April 3, 1890. 


* Pages 20 et seq. 

2 Ann. Chem. (Liebig), 166, 361; see also 196, 38. : 

3 For the reaction between thiophene and phenanthraquinone, see J. 
Am. Chem. Soc., 12, 30. 




















TITANIUM IN BLAST FURNACES. 
By AvuaeustE J. Rossi. 


The influence of titanium or titanic acid on the fusibility of the 
slags and upon the regular working of the blast furnace is a ques- 
tion upon which we have had but very few direct investigations in 
this country and in which, to the enlightened practice of Europe, 
has been opposed a kind of prejudice, possibly justified in certain 
circumstances but not based on well defined or precise grounds, 
and frequently in contradiction with the facts. 

Phosphorus has certainly an injurious effect on iron and cast 
iron, but for many purposes to which the latter is applied phos- 
phorus pig is much in demand for fine castings not requiring great 
strength, and, although in general it is an element to be avoided in 
an iron ore, the question is one of relative quantities admissible 
for certain purposes. But while as to phosphorus the subject has 
been exhausted, so that we know with certainty between what 
limits we can use phosphorus ores with advantage, the same 
cannot be said of titanium. 

The question may be stated as follows: Is titanium an element 
so obnoxious that ores, otherwise excellent, easily and cheaply ob- 
tained, should be rejected on account of its presence, even in 
smail or limited quantities? Is it the excess of this element which 
has caused this general prejudice, and is the latter justifiable in all 
cases? Are there any limits within which the presence of titan- 
ium would pass unobserved and would not influence the working 
of the furnace ? 

We have endeavored in this paper to throw some light on these 
points by presenting the facts collected upon the subject in the 
course of certain researches that we have been called upon to 
make. We shall give, in a condensed form, the literature of titan- 
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ium, satisfied if we can contribute in some measure the elements 
of a conscientious investigation, independent of any personal or 
preconceived opinion. 

That a prejudice may have existed for a long time without any 
apparent reason is strikingly illustrated in the practice of the blast 
furnace. For many years lime alone has been considered as the only 
real fluxing element ina limestone. Calcites, often more difficult or 
more expensive to obtain, have been exclusively used as fluxes, while 
dolomites, near at hand and cheaper, have been rejected under the 
impression that magnesia had no fluxing properties. If such an 
impression arose from the fact that magnesium silicate is infusible, 
the same could have been said with equal truth of aluminium 
silicate, and still aluminous ores have been always considered as very 
advantageous in the blast furnace. But the same objection would 
apply to lime, for of all the compounds that silica can form 
with lime alone, only one is practically fusible in the blast furnace. 
Lime in excess in a slag will render it so infusible and so pasty as 
to be the cause of grave disorders, “filling up the hearth with in- 
fusible blocks, which, in some cases, have been found to weigh as 
much as 30 tons. Will it be said that lime has no fluxing proper- 
ties? The fact is that the double silicates of lime and magnesia or 
of alumina and magnesia are enormously more fusible than the 
simple silicates of these bases and as fusible or even more so than 
the corresponding silicates of lime and alumina which for 
years have constituted the slags of many furnaces exclusively. 
The introduction of a third base into a double silicate will consid- 
erably increase its fusibility, triple silicates fusing much more 
readily than double silicates. Beside, as far as saturation of silica 
is concerned, one pound of magnesia, to forma silicate of a certain 
character, a neutral silicate, for instance, will take up 14 pounds of 
silica, while lime will take up only 1.07 lbs. Hence with a dolomite 
as a flux, with ores containing a certain quantity of alumina, as 
they almost invariably do, there will be not only a saving on the 
first cost, but the quantity of limestone necessary will be de- 
creased, the amount of foreign matters to be fused diminished and 
the fusibility of the slag increased. It is only at a comparatively 
recent date, however, that iron masters have recognized these 
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facts, and such an authority in metallurgy as Dr. Percy stated in 
1864 that ‘‘ The use of dolomite as flux instead of calcite must be 
avoided ; it tends to produce infusibility of the slag” (Percy’s 
Metallurgy, p. 506). 

Titanic acid is a substance very tedious and difficult to deter- 
mine in iron ores and pig irons, as every chemist knows. Some- 
times, according to the state in which it is present in the ores, it 
may be precipitated with the insoluble residue of silica obtained 
from the fluxing of the ores with alkaline carbonates and nitrates 
and subsequent treatment, and it may then be mistaken for silica. 
Although it imparts to the latter a yellowish coloration when ig- 
nited, this coloration disappears by cooling and it may be over- 
looked, or, when titanic acid is present in small quantities, the 
coloration may not be noticed. It may and will generally pass 
into the acid solution obtained from the filtration of the insoluble 
residue and there, occasionally, may show its presence by causing 
the filtrate to run milky when the precipitate on the filter is 
washed with water. Frequently these indications are lacking and, 
if not specially determined by approved methods, titanic acid will 
be overlooked and mistaken for iron, to which it**‘ sticks,” as Mr. 
Riley says (Journal of British Iron and Steel Institute). It will 
vitiate the determination of phosphorus, in many cases absolutely 
preventing the precipitation of phosphoric acid. 

(See for determination of titanium in iron ores, pigs and steel, 
the excellent papers of Messrs. Shirmer, Drown and others, 
American Institute of Mining Engineers; A. A. Blair’s Analysis 
of Iron, Tenth Census of the U. S., Vol. XV., 1880.) 


Literature of Titanium. 


Titanium is an element found almost everywhere. It is present 
in variable quantities in many rocks, oresand minerals. Magnetic 
ores frequently contain titanic acid, and thus titanium finds its 
way into many blast furnace slags and into pig irons. It is met 
with in trap, basalt, mica, gneiss, garnet, amphibole, hornblende, 
etc., hence in many clays and certain mineral waters. It has been 
detected in meteorites and isan important constituent of the solar 
atmosphere (Roscoe & Schorlemmer’s Chemistry, p. 255), its pres- 
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ence being indicated by certain dark bands in the ultra violet 
spectrum (Watts’ Dictionary of Chemistry, 1872, p. 1976) ; it is 
found in nearly al! crystalline rocks, hematites and magnetites 
(Bauerman’s Metallurgy, p. 53, etc.). 

Titanic acid is found in comparatively large quantities in the 
ash of coal. Very many samples of coal from widely separated 
districts gave it in every instance (Chemical News, 1883, p. 157), 
in some cases as much as 0.164% of theash. It is also found in 
limestones in small quantities, and in fact in all the materials that 
enter a blast furnace. It is found in many iron ores and clays, 
and generally in silicates, consequently also in blast furnace slags 
(Fresenius Quantitative Analysis, p. 127). Chemically, titanium 
is closely related to tin ; it used to be described as a rare element, 
but it has been found lately to exist in considerable quantities in 
iron ores and clays (Bloxham’s Chemistry, Titanium), and may be 
regarded as one of the usual constituents, having been very gener- 
ally found associated with iron ores (A. A. Blair, Chemical An- 
alysis of Iron, 1888, p. 193). 

All of the rocks and minerals from Berks, Montgomery and 
Philadelphia cortnties (Pa.), syenite, dolerite, gneiss, pyroxene, 
schist, hornblende, the rock formation of the famous Cornwall 
mines (Pa.), contain titanic acid in quantities from 0.504% to 5% and 
more (Geological Survey of Pennsylvania Cb., p. 61). It exists in 
the clays and slate clays of York, Adams and Lancaster counties 
(Pa.), in which it is to"be regarded as an essential component, 
its amount being remarkably constant (Am. Inst. of Min. Eng., 
6, p. 190). 

From rocks it finds its way into ores. In New Jersey the 
very general presence of this element in the clays and some of the 
gneiss rocks has led to the belief that it is rarely absent from iron 
ores and nearly all of the later analyses of ores of this State since 
1870 show its presence from traces to 11.60% and more of TiO, 
(Geological Survey of New Jersey, 1879, p. 152), and_ still 
some of these ores, considered amongst the finest of the country. 
have been and are daily smelted in blast furnaces in Pennsylvania 
and New Jersey in admixture with other ores. The Dickerson 


mine, one of the very best, contains 0.79% TiO,, the Mount 
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Pleasant 0.58%, the Teebo 0.59%, the Hibernia mine 0.55% (Am. 
Inst. Min. Eng., Vol. XIV.). The Ringwood mines (Passaic Co.», 
worked since the last century, and belonging now to Messrs. 
Cooper & Hewitt, have supplied for years the ores used in the 
Durham and Ringwood furnaces (Am. Inst. Min. Eng., Vol. 
XIV.). They contain from 0.30% to 2.72¢@ TiO, (Geological 
Survey of New Jersey, 1873, p. 53). Other orescontaining 11.60% 
TiO, have been smelted in the same furnaces or in others in admix- 
ture (Ib., 1873, p. 55, e¢ seg.). Ores from New Jersey containing 
6.23%, 8.21%, 11.60% TiO, have been smelted alone in a blast furnace 
for several months, or nearly one year (personal information from 
the manager of the furnace). 

Iron ores of many districts of Norway and Sweden, forming 
enormous, almost unlimited deposits, and containing in some cases 
25 to 45% of TiO, are waiting for the development of an industry 
which only the lack of combustibles other than charcoal impedes 
(Journal of British Iron and Steel Institute, 1880, p. 132) ; many 
of them have been smelted in these countries and some have been 
imported to England for treatment. It is present in the ores 
of the district of Ivenkw@ping (Sweden), to the extent of 6.374 
TiO,, yet these ores are smelted alone in the blast furnaces of 
this region furnishing one of the well known brands of Swedish 
iron (Jordan, Revue de l’Exposition Universelle, 1867, p. 155, IT.); 
in the ores of Newbottom district 9.10¢ TiO,, of the Norland 
province, Ulfo, 9.50% TiO,, of Kronaberg district 8.50¢ TiO, 
(Report of the U. 8. Commissioner to the Vienna Exhibition, 
i873, p. 182), and in many other ores of that country and Norway 
1.10% to 15.10% and 40.80% TiO, (Prof. Forbes, Jour. of Br. Ir. 
and St. Inst., 1880). 

It is found in Russian ores smelted in blast furnaces in the 
Ural district (4.06% to 4.86% TiO,) ; this district manufactures 
18,000 tons of pig metal per year (Revue de |’Exposition 
Universelle de 1867, p. 548, III., Jordan) ; in ores smelted in 
Bavaria in the blast furnaces of Hochstein and Eisenberg (Mun- 
zerheim ores) 1.396% TiO’, (Ib., p. 594, LI.). A slag of the 
Concordia Iron Works (Coblenz), contained 6.70% TiO, (Percy’s 
Metallurgy, p. 515) ; that of a Styrian charcoal furnace 6.71% Ti0, 
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(Osborn’s Metallurgy, p. 128); that ofa Swedish furnace, Ezerholm, 
9.20% TiO, (Ib.) (Vathaire les Hauts Fourneaux). It is found in 
Antrim and other Jrish bog ores, aluminous ores, in quantities 
varying from 3.51% to 5% TiO, (Percy’s Metallurgy, p. 207, 225), 
ores extensively imported into the United States by furnaces in 
Pennsylvania, and elsewhere here and in England smelted in 
admixture with other ores (Kimball, Am. Inst. Min. Eng., Vol. 
IX., p. 14). The Irish Hill Mining Co. ores contain 5.80 to 6.20¢ 
TiO, (Chemical News, 1881, p. 294), (Encyclopedia Britannica, 
p- $1). 

It is found in bauxites (#rance and elsewhere), mixed as a flux 
with other ores, 3.20% TiO, (Ib.). In Algeria, Oran province ores 
1.25% TiO,, in Sardinia, Iglesias ores 1.25¢ TiO, (Vathaire les 
Hauts Fourneaux). In many iron sands of Sicily 8.90% TiO, 
(Revue de |’Exposition Universelle, 1867), (Bauerman’s Metal- 
lurgy), and in New Zealand (Ibidem). 

It is found in Pennsylvania ores in quantities of 0.30% TiO,, 
in’ Mcllvee ores, York Co. (Geological Survey of Penn. MM., 
p. 227), in Chestnut Hill ore bank, mined by the Berks Co. Mining 
Company, 3.93¢ TiO, (Ib., MM., p. 229), in Brandywine ores 10.444 
TiO , smelted in blast furnace without any trouble in admixture 
with others in the proportion of 12% in the charge, about 1.25¢ 
TiO,, average; in the magnetic sands of Adams Co. 7.37% TiO, 
(Geolog. Sur. of Penn., M. 3, p. 101, MM., p. 227 e¢ seq.). 

It is found in .Vew York State ores almost constantly (10th 
Census of the United States, Vol. XV., p. 555, 556, etc.), in Cha- 
teaugay ores 0.47% Ti02 smelted in blast furnaces (Am. Inst. of 
Min. Eng., p. 81, Vol. IX.), in ores of the northern part of the 
State 0.733¢ TiO, (Ib., Vol. XIV.), in Lake Champlain ores, 
Westport, TiO, 4.58¢ (Ib., Vol. XI., p. 159), split rock 14.70¢ 
TiO, (Ib., Vol. IL., 1875, p. 13), used in blast furnaces in admix- 
ture. In ores from Oneida Co., Kirkland ores, 10 to 40% TiO,, 
smelted in admixture in the Coleraine furnaces. In Westchester 
Co. aluminous ores 2.414% to 4.41¢ TiO.,, recommended inadmixture 
with others (Kemball Ib., Vol. IX.,°p. 14), in limonites of Staten 
Island (10th Census of the U. S., p. 124) 

In North Carolina ores in proportions varying from 12.087 to 
13.71¢ TiO, (10th Census U. S., p. 311), and up to 38.61¢ (Ib., 
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p. 562), in Cranberry ore banks 0.95 titanic acid, in Chatham Co. 
ores 1.04% TiO,, in Mitchell Co. ores 0.95% TiO,, up to 5.334, 
metallic iron. 65.44¢, Roan Mountain ores (Am. Inst. Min. Eng., 
Vol. XI., p. 159), in Centre Co. ores 8.65% TiO,, metallic iron 
60.88% (10th Census), (Am. Inst. Min. Eng., Vol. XI.). 

In Colorado ores, in quantities of 11.994, 11.61%, 12.924, 12.734, 
13.84%, 14.86%, 13.06¢ TiO, in different districts (10th Census 
5.5 ps 476). 

In Oregon ores. Putnam Co., Oswego Furnace smelts ores con- 
taining 0.54¢ TiO,. In ores of Clackamas Co. and of other dis- 
tricts in which its presence was ascertained but quantities not 
determined (10th Census, p. 566). 

In Rhode Island ores, tron Hill Mine, Providence Co., 9.35¢ 
TiO,. 

In Virginia ores, in which it is * present ” in almost all the ores 
in quantities not determined, in some TiQ,, 0.164 (10th Census, 
p. 267-576) and up to 6.53% TiO,, metallic iron 52.20¢ in North 
Garden ores (Am. Inst. of Min. Eng., 6, p. 159). 

In South Carolina ores, Silver Mountain bank, York Co., TiO, 
39.67% (10th Census U. 8., p. 267-576, etc.). In many other ores 
of different States its ‘‘presence” is “‘ quoted” but without any 
amount being given (10th Census U. 8.). In some analyses it may 
figure in the ‘‘ Jnsoluble Residue and Silicious matters,” but no an- 
alysis of the latter is given (Geological Survey of Pennsylvania and 
of other States). 

It has been found in the Canadian ores, 11.27% TiO,. (Revue 
de |’Exposition Universelle de 1867, p. 685), in the Bay St. 
Paul ores, 48.60% TiO, smelted in two blast furnaces in 1873 
furnishing an excellent iron (Mr. Riley, Jour. Br. Ir. & St. Inst., 
1874, p. 152), they constitute the mineral ilmenite (Am. Inst. 
Min. Eng., II., p. 13), in Moisie River sands, 4.15% to 28.954 
TiO, (Bauerman’s Metallurgy, p. 53, e¢ seg.) (Chemical News). 

It is a constant element in the English ores smelted in the Cleve- 
land district in the furnaces of Sir Lothian Bell and others. The 
Cleveland ores contain aygood deal of titanium (Mr. Riley, Jour. 
Br. Ir. & St. Inst., 1874, p. 132), while in the Northampshire it 
is found most readily, even in the cinders. In fact, titanic acid 








































98 TITANIUM IN BLAST FURNACES. 


occurs in all clays. It isa very common material, very difficult to 
find; it has a great tendency to stick to the tron, and has been 
very often estimated as oxide of iron and mistaken for it (Mr. 
Riley, Ib., p. 132, e¢ seq.). 

It has been found frequently in the U. S., in the Lehigh furna. 
ces, in the crevices of the hearth after the furnace had been blown 
out. As for instance at the Crane Iron Works, and pig iron from 
the same works was colored purple by the presence of titunium ; 
the ores containing titanium were from Morris Co., New Jersey 
(Osborn’s Metallurgy, p. 485). 

It would appear from the preceding quotations that titanium 
is not a rare element, nor one confined to special localities or 
countries ; in fact, it is met with in a number of iron ores hereand 
in Europe and Africa, etc., in quantities from traces to 50¢@ of 
TiO,. That some of these ores, at least, have been smelted in 
biast furnaces sufficiently appears from the above, and from the 
fact that many pig irons both here and in Europe contain it as a 
constant element in very notable quantities, and have contained it 
for years without any mention being made of troubles resulting 
from the use of such ores in a blast furnace or from the slags run 
with these pigs, which slags did also contain titanium, as we will 
see further. 

When a proportion of titaniferous ore is added to the charge, 
it increases the strength of the metal, at the same time giving it a 
peculiar mottled character (Bauerman’s Metallurgy, 1874, p. 53). 
Titanium may be present in pig iron to the extent of about 14 
(1.64% TiO,); its presence was considered as a very favorable 
factor (Ib.). 

Pig irons containing 0.47%, 0.71%, 1.15% titanium, correspond- 
ing to 0.774, 1.16¢, 1.88% TiO,, have been regularly produced in 
English furnaces from a mixture of 744% ilmenite, containing 38.844 
TiO, with red hematites and local ores, which supposes in the 
mixture an average of about 2.915% TiO,, admitting that the /ocal 
ores did not contain any (Percy’s Metallurgy, p. 551). Sir Lothian 
Bell has obtained from regular mixture of English local ores used 
daily in the furnaces of the Cleveland district, 4 Cornish ore, 4 
red hematite, 4 Irish bog ore, pig irons containing respectively, 
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0.79%, 1.15¢, 1.629% titanium, corresponding to 1.29%, 1.88¢, 
2.87% TiO, (Percy’s Metallurgy, p. 552), (Memoir of Lothian Bell 
to the British Association, 1863), and the slag run with these pigs 
contained 0.75¢ TiO, (Percy’s Metallurgy, French translation 
under the auspices of the author, 1865), (Memoir of Lothian 
Bell, 1863), (Phenomena of Iron Smelting, L. Bell, 1873). 

Cleveland pigs contain titanium in a regular and constant man- 
ner as a normal constituent, as analyses show, in quantities of 
0.09%, 0.13%, 0.14%, 0.20%, 0.224, 0.26%, 0.514%, 0.56%, correspond- 
ing to 0.15%, 0.214%, 0.23%, 0.334, 0.364, 0.424, 0.84%, 0.924 TiO,, 
and up to 1% titanium ¢1.64 TiO,), and above (Percy’s Metallurgy, 
French Translation), (Memoir Lothian Bell, 1863), (J. of B. Ir. & St. 
Inst.). Mr. Riley says (J. of Br. Ir. & St. Inst., 1880, p. 190), titani- 
um is always present in fair amounts up to 1¢ (1.64 TiO,), but 
rarely above that in Bessemer or Cleveland pig ; it is always found 
in Bessemer pig. In the discussion of the paper which has given 
rise to these observations, not the slightest mention is made of 
troubles resulting for the furnace from the normal and daily use 
of ores capable of supplying the above percentages of TiO, to the 
pig, and the English furnaces, as is well known, have longer runs 
than the American, a run of eight years or more not being a rare 
case with the former. 

Pig irons smelted in this country have shown titanium also as a 
pretty constant element, and the examples quoted below could be 
multiplied. The analyses were made by Messrs. Drown and 
Shirmer (Am. Inst. Min. Eng., 17, p. 346). 


Pig Irons. Titanium. Titanic Acid. 
Richmond, 0.018 0.030 
Greenwood, 0.052 0.084 
Heela, 0.048 0.080 
Dutchess, 0.055 0.090 
Glendon, 0.099 0.160 
Silver Gray, 6.114 0.190 
Leesport, 0.115 0.191 
sushong, + 0,225 0.370 
Unknown, 0.318 0.520 

* Perryville, 0.040 0.066 





* This latter pig was analyzed by the writer. 
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Ores containing less than 344% of titanic acid are not recognized 
any more as titaniferous ores (Dana’s Mineralogy). Ore containing 
39.20% TiO,, ilmenite, have been successfully worked for sey- 
eral years at Norton (England) by the Norwegian Titanic Iron 
Co. The slag run from the furnace contained 36.18¢ Ti0,, 
and 27.834 silica. The uncertainty of importation, the leanness 
of the ores, which contained only 32 to 36.31% iron, the amount of 
coal necessary to run in slag such an enormous amount of silica 
und titanic acid (64.01%) prevented the scheme from being 
financially profitable after a few years. But the metallurgy of 
the treatment was a success, and showed that, with proper man- 
agement, a furnace can carry such a percentage of titanic acid in 
the charges without clogging (Wm. H. Bowren, Am. Inst. Min. 
Eng., 11, p. 159), (Osborn Metallurgy, p. 474). The Canadian 
Titanic Ore Co. smelted in two blast furnaces ores from Bay 
St. Paul quoted above, containing 49.60¢ Ti0O,, without any 
trouble in the furnaces. The ores were very lean (Mr. Riley, 
Journal of Br. Ir. & St. Inst., 1874, p. 1382; 1876, p. 190). 

A good liquid slag can be obtained without any difficulty with 
ores containing 3.55¢ TiO, (Prof. Forbes Am. Inst. of Min. 
Eng., Vol. X1., p. 159). With proper chargesand fluxes, with an 
amount of titanic acid not above 84%, it is not difficult to work an 
ore cleanly and profitably (Ib.). With an acid cinder and a slack 
blast, ores containing from 8 to 13% TiO, can be readily treated 
without any trouble (Ibidem). (Chemical News, Dec. 11, 1888.) 
These are the statements and practice of an eminent chemist and 
metallurgist who has been for years consulting engineer for blast 
furnace managers in Sweden, Norway and England, who has 
supervised the running of many furnaces in Sweden and Norway, 
smelting titaniferous ores, and the furnace at Norton (England), 
treating the ilmenite from Norway mentioned above. 

Although troublesome when present in large quantities and hav- 
ing a tendency to render the slags pasty, in working the furnace 
to a certain kind of pig and not at a too high temperature, the 
Jiuxes of the furnace require but very little foretgn matters in 
working with titaniferous ores (Osborn Metallurgy, p. 431). 
Scandinavian iron masters have often expressed to Prof. Forbes 
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their surprise at the want of information possessed by English 
metallurgists in general upon the subject of highly titaniferous 
ores, containing such percentages as 25% to 40% titanic acid. Their 
experience has shown that the only objection to the use of such ores 
is that they are found to be more or less refractory, as they con- 
tain a greater percentage of titanic acid, and if much titanium is 
present they require a quantity of coal so much larger to smelt 
them as to render their employment alone not profitable when 
ores free from titanium can be obtained cheaply in the district. 
After considerable experience in smelting these ores, the Norwe- 
gian ilmenite and others which yield a very good iron, it was not 
found profitable to smelt them alone for the preceding reasons, but 
their use was found beneficial when employed in about equal pro- 
portions with the other ores of the district free from titanium 
(Prof. Forbes, J. Br. Ir. & St. Inst.; 1877, Vol. -XI. ). 

Titanium iron is essentially a forge iron. A furnace that can 
make iron under an acid cinder and a slack blast and keep the 
silica out will not be troubled with titanium deposits; the details 
of furnaces for smelting these ores are like those suitable for ordi- 
nary hematites or magnetites (Am. Inst. Min. Eng., 1877, 2.) 
Titanic acid is also found in slags. Slags containing 0.75% TiO, 
have been run in the Cleveland district from the smelting of 
local ores (Perey’s French Translation) (Rerue de 1’ Exposition 
Universelle, p. 37). ‘The Concordia iron works slag, quoted by 
Percy (see above), contained 6.70% TiO, ; one quoted by Osborn 
as run from a styrian charcoal furnace the same; a slag from 
Ekersholm, Smoland district (Sweden), contained 9.00% TiO, 
(Osborn), (Vathaire, Les Hauts Fourneaux, p. 41). Blast furnace 
slags contain titanic acid when treating titanic ores. It is 
combined with the bases and silica. It does not notably change 
the appearance of the slag and nothing but an analysis can dis- 
cover its presence. It gives a violet coloration to the cinder, the 
shade of which is more blue than that due to oxide of manganese, 
but this blue coloration can be imparted to the silicates by so 
many different causes, that it cannot be considered as a proof of 
the presence of titanic acid (Rivot’s Docimacy, p. 157), (Revue 
de "Exposition Universelle, 1867, Swedish ores). 

































102 TITANIUM IN BLAST FURNACES. 


When smelting titaniferous ores with white iron most of the 
titanic acid enters the slag, the pig iron is said to yield an excellent 
wrought iron and steel, and as little titanium is found in these pro- 
ducts, it must be due to the indirect beneficial effect of smelting ores 
containing titanic acid (Wm. Crooke’s Adaptation from the 
German Edition of Prof. Kerhl’s Metallurgy, London, 1869, p. 
316). About 1¢ titanium (1.64 Ti0,) may be present in the pig, 
it increases the strength of the metal (Ib., p. 317). 

The iron obtained at Norton (England) from Norwegian ilmen- 
ite was found to be extremely strong and was used in Europe for 
armor plates commanding three times the price of ordinary iron 
(Osborn’s Metallurgy, p. 474). 

This Norton iron obtained from ilmenite containing 40.95: 
titanic acid, 39.20% as average of cargo, went to the armor plates 
of Sheffield on account of the toughness which this iron not only 
possessed but imparts to other iron in admixture in the puddling 
furnaces. When rolled into plates and merchant bars it possesses 
such a clean, soft, tough nature as should render it invaluable for 
boiler plates, sheets of cold stamping and kindred uses , 
and ores now useless could be made of vast service to the iron 
trade and to the industries (Mr. Deby, Secretary Br. Ir. & St. As- 
sociation, 2, p. 19, i877). 

Titanium is found in very variable proportions in certain pig 
iron, to which it appears tocommunicate a great tenacity (Rivot’s 
Docimacie, p. 156). It increases the strength of the metal (Bauer- 
man, p. 53). Ores containing titanium may be considered very 
favorable for the manufacture of pig metal; in many respects they 
are preferable to the spathic ores, for, with very little attention 
they will produce white iron rich in carbon, the very material re- 
quired for German steel (Osborn Metallurgy, p. 431). 

In Sweden it isa common practice to add 10% of titaniferous 
ores to the charges to remove sulphur. Whatever may be the 
reason of this effect, what is known with certainty is that titanic 
ores in the U. 8., Canada, New Zealand, Sweden and Norway. 
are such that the metal produced from them is wonderfully good 
(Dr. Forbes, J. of Br. Ir. & St. Inst., 1874, p. 131). Titaniferous 
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ores containing 48% TiO, smelted in Canada have furnished an 
excellent pig (Mr. Riley, Ib., p. 132). 

In Norway and Sweden the ores of Krager and Eger, containing 
15% and 7.10% TiO, respectively, are worked in blast furnaces. 
If ores do not contain more than 8% 'TiO, their reduction is not 
difficult and the product is of good quality. An examination of 
the ores analyzed in this report (Report 1879 Geological Survey 
of New Jersey) shows the presence of titanic acid in these New 
Jersey ores from traces to 5% TiO,. These are a// used successfully 
and are said tomake good iron (Prof. Cook, Geology of New Jersey, 
1879, p. 152). rl 

The New Jersey ores, containing 11.604, 6.23%, 8.21¢ TiO,, 
and averaging about 8.50¢ TiO, in the charges, have been smelted 
alone in a blast furnace for nearly one year and have yielded 
a pig iron of a ‘remarkable strength,” ‘which could almost 
be bent in two without breaking.” The cast iron was graphitic 
and considered an exceptionally good No. 1 grayfoundry iron. It 
commanded, it is claimed, one dollar more per ton (personal in- 
formation). 

Putting aside the questions of the improvement and good quali- 
ties claimed for the iron obtained from titaniferous ores, the prac- 
tice in Europe and even in this country, within certain limits, 
seems to establish the fact that titanium cannot be considered as 
being w/ways and necessarily a cause of trouble in the blast fur- 
nace if properly dealt with, even when present in very large quan- 
tities, since ores containing as much as 40%, and even 484, of titanic 
acid have been smelted, in known cases, for several years in the 
same furnace as successfully, if not as profitably, as others richer 
in iron and free from titanium or containing lesser proportions of it. 
On the other hand, certain blast furnace managers in this country 
go as far as to maintain that trappreciable quantities, mere traces 
of titanic acid, are sufficient to interfere with the:good working of 
a furnace—clogging and stopping it. Others, a little more lib- 
eral, will not even admita limit of 0.25% of titanic acid in an iron 
ore, nor will they consider it practicable to use it in a blast fur- 
nace. For them the smaller percentage is as deleterious as the 
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larger, the only difference being that the action is smaller and that 
it requires a longer time to fill up the furnace. To these extrem- 
ists it might be answered that, unconsciously, then, many iron mas- 
ters have produced in this country, daily and normally, pig irons 
in which the quantity of titanium has reached as muchas 0.3184, 
correspondimg ‘to 0.52% TiO, (from 0.03% to 0.52%, considering 
only the analysis given above). Allof these proportions, according 
to their view, the smallest as well as the largest, were sufficient to 
have ultimately clogged the furnaces, and still the latter have had 
years of excellent running as regards economy and quality of prod- 
uct, at least some of them did have, since one of these pig irons, 
the ‘ Bushong,” containing 0.374 TiO,, has commanded one 
dollar more per ton on the market. 

Admitting that the ores smelted contained 50% of iron, that is, 
that two tons of ore were fluxed per ton of pig metal, a quantity 
of 0.52% TiO, in the pig would correspond to 0.26% in the | 





ores, and this supposes that there was none left to pass into tlie 
slag ; how then could the latter be rendered pasty or infusible ? 
Furthermore, if @// the titanic acid is thus accounted for in the 
pig, none has been left in the furnace to clog it and we are in this 
dilemma : either some titanic acid did pass into the slag and the 
ores contained more than 0.26% TiO, or all of the titanic acid can be 
made to pass into the pig and thus leave the furnace. That none 
was left in these furnaces, not even traces, if we adopt the views of 
these extremists, appears to be sufficiently proved by the fact that 
the pig irons analyzed were not special specimens, but the regular 
product of the iron works from which they came. 

We find in England, in the Cleveland district, in Staffordshire 
and Northampshire, smelted daily from the regular local ores, 
normal pigs which, as Mr. Riley says, contain titanium in good quan- 
tity, up to one per cent. or more and occasionally as much as 1.6%, 
corresponding to 1.64% or even as much as 2.87% TiQ,, and the 
same authority adds, ‘‘ Titanic acid is also found most readily 
even in the slags” of these districts. We have every reason 
then to suppose that the slags run with the American pigs quoted 


did a/so contain titanic acid. Wich materials 50% rich in iron the 
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preceding figures would correspond to at least 0.824 to 1.43% TiO, 
in the English ores; with materials only 40¢ rich to, at least, 
0.67% to 1.18% in the charges, and these English furnaces have 
much longer runs than the American. We know from analysis 
given by Percy and others that at least the ‘‘ Irish bog ores ” used 
about in proportion of one-third with the other local ores, contain 
(Antrim) 3.51% to 5¢ TiO,. This would bring the propor- 
tion of titanic acid in the mixture to from 1.17 to 1.66%, or 0.704 
to 1.00% titanium, figures which correspond very. nearly with 
those found for titanium in the normal pigs of the district. 

Even in this country certain iron masters more enterprising and 
more experienced than others have successfully disposed of several 
thousands of tons of ores containing from 9% to 154 titanic acid, 
average 12%, by smelting them in a mixture with other ores in 
such proportion that the average proportion of titanic acid was 
0.38%, and with as much as 0.754 titanic acid in the mixture with 
proper care they did not experience any trouble. 

They have gone so far as to state that, after many experiments 
with titanium, the result of their experience has been that a mix- 
ture containing a greater percentage of titanic acid than 1.25% 
could not be successfully used. This admits clearly a possible 
maximum limit, and is in complete contradiction with the asser- 
tions of the extremists. The following is another illustration of 
American practice. It covers a lapse of ten years’ running of two 
blast furnaces. These furnaces used five different kinds of mag- 
netites, all containing titanic acid in quantities varying from 0.33 
to as much as 1.34%, as analyses made at the time and subsequent 
ones have proved. The ores averaged in admixture about 0.704 
titanic acid. They were exclusively smelted for that period with- 
out any trouble whatever from deposits, sluggish slags or clog- 
ging. The furnaces had runs of threeand three and a half years— 
and they produced all grades 





a very good run in the United States 
of iron from white to gray No. 1, and even to graphitic iron. Titanic 
acid was detected in the slags. ‘These two examples corroborate 
the results of the English practice. They are given here because we 
are particularly acquainted with the circumstances of each case 
and can substantiate these assertions. 
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If we pass to Sweden and Norway we find there ores containing 
5% to 10% TiO, smelted alone clearly and profitably in char- 
coal furnaces, others containing 15% to 20¢ TiO, or more, 
smelted in admixture or even alone with a beneficial effect ; and, 
lastly, Norway ores containing as much as 40% TiO, and only 
only 36¢ of iron smelted by a company in England for a few years 
with a perfect success as far, at least, as the metallurgy of the 
treatment was concerned. No clogying or stoppage of the fur- 
nace, no pasty slags interfering with its working are mentioned. 
In Canada we notice results exactly similar with ores of nearly the 
same composition as the preceding Norway ore. We find slags in 
England and slags run from normal local ores containing 0.754 
Ti O,, others quoted above containing 6.70% and 9% Ti Og, slags 
run from local ores containing enough titanic acid to supply to 
them these percentages. We find pig irons in England and in 
this country containing this element as a constant factor in quan- 
tities from 0.08 to 1.64% titanium and more. There seems to be a 
contradiction somewhere. Without pretending to settle the ques- 
tion. by our own authority, we believe that enough facts have been 
presented to justify, at least, the following remarks : 

Titanicacid, though present it may be said in almost all magnetites 
and hematites of certain districts, in various quantities, generally 
small, has been mostly ignored until a comparatively recent 
date. In the analyses given in the geological survey of New 
Jersey it does not figure until 1870, from which date it was looked 
for and found regularly in different quantities, from 0.304 to 14, 
in ores in which its presence had not been previously suspected, 
and so constantly, from traces to 15%, in different ores from widely 
separated regions, that this fact has called for the statement of the 
late Prof. Cook, that it seems to be almost a normal element 
of the New Jersey ores (Geol. Sur. of N. J., 1879). As Mr. Riley 
has observed, its determination is very difficult, and it has been very 
often mistaken for oxide of iron. In the reports of the geological 
surveys of Pennsylvania, up to 1886-87 at least, most of the 
analyses are tabulated ‘ Silica and insoluble residue,”’ no com posi- 


tion of this residue is given. ‘Titanic acid might and could have 
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been present there and entirely overlooked. (See Analyses of 
Geological Survey of Pennsylvania.) 

Such a supposition is not a gratuitous one. In the analyses of 
iron ore given in the 10th Census of the U. S., we find, amongst 
other examples, p. 311, under the denomination of North Carolina 
ores, ‘* Silica and insoluble residue, 28¢,” and in the subsequent 
analysis of these 284 of ‘‘ residue,” titanic acid appears for 11.824, 
nearly half ! Such a proportion would have been completely ignored 
except for special analysis. In many other ores titanic acid figures 
only as ‘* present.” 

Consequently, iron nfasters in Pennsylvania, New Jersey, and 
elsewhere must have been smelting for years, and are even smelt- 
ing to the present day, in admixture with other ores or alone, 
local ores or magnetites and hematites from New Jersey, for 
which they have been satisfied to pay the best prices on account 
of their richness in iron, and in which titanic acid had not been 
suspected or its proportion determined up to 1870, and for 
others much later still. Yet, there has not been any complaint 
made of these ores on this score; on the contrary, they have com- 
manded a better market; trouble has been taken to have them 
shipped to distant furnaces. We could quote many such ores, 
but limit ourselves to the Dickerson mine, 0.79% TiO, ; Mt. 
Pleasant Mine, 0.58% TiO, ; Teebo Mine, 0.59¢ Ti O,, all in Morris 
(o.; the Ringwood Mines (Passaic Co.), 0.30 to 2.72% TiO, ; the 
Hibernia Mine, 0.55% TiO,. (See Geolog. Survey of N. J.) 
(Am. Inst. M. Eng.) In the analyses of the Dickerson Mine, Mt. 
Pleasant, T'eebo, Hibernia, given in 1868 in the Geological Survey 
of New Jersey, titanic acid does not appear, not having been 


sought for. 
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The following analyses will give an idea of the value of these 
ores, those of Mt. Pleasant and Hibernia have been made by us, 
those of Ringwood Mines are taken from the Geol. Survey of N. J.: 


MT. PLEASANT. RINGWOOD. HIBERNIA. 


Rich Av. L. 


ore, cargo. 


Il. fr. Av. Ore 


- Se 1.60 | 8.17 || 3.00 | 5.80 || 5.90 | 8.87 


Sapeer........... 0.07 0.09 3.00 | 5.80°]| 0.05 | 8.87 
Phosphoric acid----| 0.50 | 0.81 0.45 | traces |} 1.05 | 1.15 
AMWAING 6.2 -c0002 1.40 | 0.68 2.59 | «1.91 BIS 4) “Ss3 
Oxide of iron--.~-- 95.65 | 85.84 || 94.06 .| 90.47 || 87.99 | 80.59 
Oxide of manganese | 0.07 | 0.06 0.25 | 90.47 0.06 | 80.59 
CO ae ee 0.50 | 2.21 1.57 | 90.47 2.57 3.44 
Magnesia.......... 0.40 | 1.53 |/°0.22 | 0.72 || 1.28; 1.50 
Titanic acid.._---- 0.58 | 0.58 0:30]. 22272 0.55 | 0.55 
Metallic iron... __-| 69.274) 62.10¢ | 65.844) 63.29¢)| 63.724) 58.36¢ 

Analy- 


Iron is in the 
Observations-.-----| ore as Mag- 
netic oxide. 


M a g-| sis by 
netic] [..L. 
oxide. | Biere- 

with. 


Iron as Ferric 
oxide. 


Is titanic acid, then, always and in all quantities an objection- 
able element in an iron ore? Is it not more correct to say 
that, within certain limits, which we may’ perhaps fix at 1.00¢ 
or more, it has proved little objectionable; on the contrary. 
that it has passed for years unnoticed? No disturbances have 
occurred in the running of the furnaces unknowingly smelting 
such titaniferous ores to call attention to a detrimental element. 
So much seems to be assured, and confirmed by the English 
practice. Above these quantities what is the limit at which its 
presence in an iron ore would begin to be felt by its effect upon 
the running of the furnace in respect to economy or at which 
the judicious treatment, such as a change in the routine of the 
charges and fluxes adopted for non-titaniferous ores, might become 
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necessary to insure both economy and success? American fur- 
naces may have unconsciously worked ores containing much 
more titanic acid than 1 or 1.25¢, and some have done so to 
our positive knowledge (8% to 10% titanic acid in the charges, 
as derived, atleast, from verbal assurances of certain iron masters), 
without experiencing any particular troubles, but in the absence 
of direct and well authenticated practice, and especially of regular 
analyses of the charges in the case alluded to, it may not be fair to 
draw a conclusion. : 

If. as stated by Dana, an ore ceases to be recognized as 
titaniferous when it contains less than 33$¢ TiO,, this figure 
might be called the limit, and the personal observations of 
Prof. Forbes affords a corroboration of this statement. Beyond 
that, if we take to guide us the European practice in Nor- 
way and Sweden, the examples quoted above would prove that, 
with proper fluxes, even regular titanic acid minerals, such as 
Ilmenite, containing from 40 to 48% of this substance, can be 
and have been cleanly and successfully smelted in furnaces with- 
out any disorders resulting in the latter from their use. The 
question of economy in the particular case mentioned depended 
on many factors and, at any rate, has_nothing to do with the 
metallurgy of the treatment. 

If dealt with as corresponding proportions of silica would be 
when present in ores in very notable quantities, titanium has 
certainly a tendency to produce ‘‘ deposits” and to render the 
slags less fusible. All depends on the judicious and rational 
choice and proportion of the fluxes to obtain a desired result. 
‘‘Nothing economical or skillful can be accomplished when the 
charges are badly engineered (Osborn’s Metallurgy, p. 478) ; 
the skill of a blast furnace manager as a metallurgist consists 
mainly in forming a fluid slag with the materials at his command 
(J. of Br. Ir. and St. Inst., 1874, p. 75). Certain natural com- 
pounds of titanium, such as sphene, calcium silico-titanate and 
keilhauite, are perfectly fusible in a blast furnace. (Ib., p. 43.) 
Their composition is as follows: 
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SPHENE. one 

I. II. lake Average. 
Silica .-.--..- 32.26 31.90 31.20 31.78 31,33 
Titanic acid__|| 38.57 40.60 40,92 40.00 28.04 
a | 27.65 25.89 22.25 24.59 19.56 
Oxide of iron - 0.76 1.61 5.06 | 2.00 6.57 
Alumina-.---- 0.76: | 1.61 5.06 | 2.00 8.03 

| (Pied- Average 

(Pied Dana. (|(Arendal) fae 
mont) Rivet Tt end of these 3! Dana. 

Rivot. : * | analyses. 


So eminent a chemist and metallurgist as Prof. Forbes has 
certainly cleared this question from all possible doubts by his 
practice. He has smelted, without admixture, ores containing 
40% titanic acid without any trouble in the furnace. We refer 
to the excellent papers of Mr. W. M. Bowren (Am. Inst. Min. 
Eng., 9, 159), and to that of Mr. Deby (J. of Br. Ir. and 
St. Inst., 2, 1877, p. 13) for the details of the operation. 
The ores treated were the Norway ilmenite, of which an average 
analysis of a cargo gave (see papers quoted) : 
| The composition of the slag 
actually run from the fur- 
nace, as given in the paper 
Perrone oxide. .........- 30.00 alluded to, approximated, as 


TMAMC RCO... -.25<5- 39.20 


Merric OXIdO =o... . =... 18.59 


Alamina 9 eq (Closely as can be obtained in 
Mn en eee ee ee eee we Ve . ° e 2 

practice, the composition of 
Manganous oxide-.------ 0.60 sphene, a natural mineral of 


ONES SSA Oi a 5.70 titanium, fusible in the blast 
furnace. This is what good 
management can do. 





Jron=36.34. 
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Composition Average 
of Slag. Sphene. 
Silica - - - - 27.83 31.78 
Titanie acid - - 36.18 40.00 
Lime <= = -<= =) 2456 24.59 
Oxide of iron- - 1.86 2.00 
Alumimta - - - 9.18 «s 
Magnesia - - - 0.60 ae 


As it can be calculated from the preceding analyses and from 
the charges of the furnace as given in Mr. Bowren’s paper, all the 
titanic acid of the ore is accounted for and has mostly been 
made to pass into the slag, excepting the small percentage left in 
the pig metal, perhaps 1 to 2%, and, of course, titanium having 
left the furnace it could not in any manner be the cause of 
obstruction by hangings or deposits. 

If these results were not as economically obtained as with 
other ores free from titanium, it may be a question if the higher 
prices realized for the products were not a compensation for the 
extra expense of combustible, or would not be if the ore, though 
containing as much titanic acid, had been richer in iron; but it is 
useless to discuss this side of the question ; the possibility of 
smelting successfully and cleanly such highly titaniferous ores is 
all that we intended to establish beyond dispute. The objections 
to the presence of titanic acid in an iron ore would thus be 
entirely modified if we adopt the conclusions of Prof. Forbes and 
the results of his practice and of that of the Swedish metallur- 
gists. Jt would be no longer a question of ‘clogging of the 


furnace” but simply one of economy in each case. 


teduced to this it would seem that such small quantities as 1 
to 1.25%, or even more, of titanic acid could not be objectionable 
on this score, especially if these titaniferous ores present, as they 
do, such characters as render them very valuable otherwise. 

Prof. Forbes (J. of Br. Ir. and St. Inst., 1877, p. 152) has called 
attention to the fact that ores of this kind, in Norway, Sweden, 
Canada and New Zealand, are remarkably free from phosphorus 
and very frequently alse from sulphur; though not absolutely 
and invariably so, still, asa rule, real titanic ores are extremely 
free from these elements, and when they are not, the question may 











112 TITANIUM IN BLAST FURNACES. 


be raised, does not the phosphoric acid come from adhering 
barren gangue of apatite and not from the ore téself? Mr. Riley 
(Ib.) commenting on these remarks of Dr. Forbes has fully 
confirmed his assertions. It is quite exceptional (says he) to find 
titanic ores containing any phosphorus. ‘The same observations 
have been made independently, in 1875, by Prof. Cook for the 
titaniferous ores of New Jersey (Geolk Survey of N. J., 1875, p. 
35). Analyses (he says) indicate this curious relation between 
titanium and phosphorus, that a considerable percentage of the 
former always corresponds to a very sma/] amount of the latter. 
The behavior of such ores in the blast furnace and the character 
of the product might be an interesting point in the metallurgy of 
iron, and the chemical examination of iron ores to test this 
hypothesis further or substantiate these facts ought to be con- 
tinued. 

It was true with the ores smelted in the two furnaces we have 
spoken of as having run for ten years, that those containing 
least phosphorus contained most titanic acid, as analyses showed: 


I. IT. III. IV. 
Average Phosphorus - - 0.064 0.160 0.270 0.730 
Do. ‘Titanic acid- - 0.98 0.90 0.58 0.33 


We have collected a number of analyses of ores coming from 
mines separated by the Atlantic or by distances on land still 
greater, which we give below. Any idea of fortuitous coincidence 
has to be excluded, and still the results seem to corroborate, in a 
remarkable manner, the above observations. 

UNITED STATES. 


Pennsylvania. 


1. McElvee ore - - - TiO, 0.33¢ P.0.013 Met. [ron 68.50¢ 
2. Chestnut Hill ore - ‘“ 3.93% traces nf 63.75 
3. Cornwall ore - - - * 1.3% traces _ — 


(Geolog. Survey of Pa., M3.) 
North Carolina. 
59 J. of Iron & St. Inst., 


1. Rockingham Co. TiO, 13.71% P. .052 9 = 

: 5 2 ws p- 13. 
ri _— «38.61 traces }) 10th Census U.%., p. 
3, - 0,95 0,007 { 311-326-561. 
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“ 11.60 
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New York. 
P. 0.095 
“© 0.0% 
<5" 0,04 


** none 
** traces 


<6 OLO 


** traces 
«© 0.021 


£¢- 0.02 


Colorado. 
P. 0.025 
“© 0,026 
“© 0.037 
«0.011 
** 0.040 
“ 0.039 
* 0,039 J 


Oregon. 


P. 0.006 


| 
! Weschester Co. Ores. Vol. 
¢ 9, Am. Inst. M. Eng. 


J 


10th Census, p. 311, ete. 
Am. Inst. M. Eng., 14. 


j Chateaugay, Ib., 


9. Iron, 60.464. 


) 
r LOth Census, p, 476. 


{ 10th Census, p. 566. 


{ Oswego Furnace. 


South Carolina. 


P. traces 


10th Census. York Co. 


New Jersey. 


. 0.044 


** traces 
“© 0.07 
s¢ -.0¢4 
“* traces 
“© traces 
traces 
** traces 
** traces 
“<< 0.06 
** traces 
s¢ 0.09 
** traces 
<< O05 


traces 


* 0,05 


0.06 


[ror 
do. 
do. 
do. 
do. 


do. 
do. 


do. 
do. 
do. 


1 64.46). 
64.90 


65.52 

62.23 

67.10 

9 () Geological Survey 
of N. Jersey.— 


from dif- 
erent counties. 


f Ores 
67.20 
53.00 
64.95 
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SWEDEN. 
ne » Oey o, / Ivenkoeping. (Revue de l’Exp. 
- TiO, 6.379 , 0.0234 - ay Pe I 
TO, 6.37% P. 0.023% ) Univ., p. 155, IT.) 
15.10 ** traces | J. of Br. Ir. & St. Institute, 1880, 
- *§ 40,90 ** traces | p. 1382. 
And many others. 


NORWAY. 


. Ilmenite, TiO, 59.20 (average); P., none, and many other ores 


containing it in various proportions are remarkably free from 
P. (Journal of Iron and Steel Institute, 1879-1880.) 
BAVARIA. 
TiO, 1.396% P. 0.12 Revue Exposition, p. 594, III. 
RUSSIA. 
TiO, 4.86% P. none Iron €3.00.  Ib., p. 548. 
Ural District. 
SICILY. 


. Iron sands, TiO, 8.90% P. none. Ib. 


FRANCE. 


. Bauxite, TiO, 3.20% and above. P.none. Encycl. Brit. 


CANADA ORES. 


‘ 7 , § Bay St. Paul (Am. I. M. E.). (J. of Br. 
TiO, 48.50  P. none ) ir. &S. Inst) 


‘* 4.83 ** traces} Moiste River (Bauerman). (Revue 

© 16.00  * none { Exposition.) 

‘© 2.384 ** traces Tron 68.34¢ ) Ontario Ores, p. 214-321. 

“63.17 0.07 do. 66.98 { (J.of Br. Ir. & St. In.’81) 

- asic o: ae -o oq | Llay Cook Mine, Ottawa. 
—_ Ce ax Sie r rp Min. Eng., 12. 

{ Snowden, township near ‘Toronto. 
Ib.) 

(7) Ores carried to Cleveland, Ohio, and smelted there. 


RS 0.73 SOG 


IRISH ORES. 


Antrim (Percy), TiO, 3.51 P.. traces. 
NEW ZEALAND. 
- - - - - TiO, 6.17%  P. traces 
- +--+ -- “34.43 do. none. Iron 614 


(Chemical News.) 
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Unfortunately in many analyses of ores published in the 10th 


* but as the amount has 


Census titanium is given as ‘** present ; 
not been determined, it is impossible to°conclude as to the coin- 
cidence between absence of P. and presence of titanium. In 
many others the ‘‘ insoluble residue ”’ is only given and all deduc- 
tions are presented. At any rate, many ores remarkably free from 
phosphorus (and very often from sulphur also), as it appears from 
the above analyses, and also very rich in iron, now piled up on the 
banks of the mines or not mined to any extent, could be advan- 
tageously smelted and-made available for Bessemer pigs, if, as the 
European practice tends to’show, and as the American practice cor- 
roborates within certain limited amounts, perhaps, the objections to 
the use of titaniferous ores in a blast furnace were as much of a 
prejudice, ina general manner, as those which have been raised 
against the use of magnesiaas a flux. ‘‘ Titanium does not melt 
in any heat of a blast furnace ” (Robert Hunt, Dict. of A. M. & 
Mines, 1878). 

Possibly the prejudices of the extremists against the use of ores 
containing any quantity of this element did originally arise from a 
knowledge of this fact; but this does not prevent certain titanium 
compounds from being perfectly fusible, as we have had occasion 
to observe in respect to magnesia, lime or alumina. If furnaces 
working ores or materials containing titanic acid in limited quan- 
tities have experienced serious troubles the question may be asked: 
May it not be ‘‘ post hoc,” although not ‘‘ propter hoc.” 

Resuming the above, we submit the following conclusions : 

1°. ‘Titanic acid is not necessarily and always a cause of trouble 
in the blast furnace, even if present in large quantities. 

2°. In small quantities its presence appears to have been ignored 
for many years, and furnaces have run and do run to-day with 
ores rich in iron, containing as much as from 0.30% to about 1¢ 
titanic acid in the charges without apparent trouble of any kind, 
these ores being smelted alone or inadmixture with others more or 
less free from titanium. 

3°. When present in very notable quantities it has a tendency to 
render the slag pasty and clog a furnace with titanium deposits if 
it is not made by a judicious treatment to pass into the slag. 




















116 TITANIUM IN BLAST FURNACES. 


4°. With proper care and with fluxes very little different from 
those ordinarily used, ores more highly titaniferous have been 
smelted cleanly and profitably, but perhaps less economically than 
others. 

5°. With a judicious adaptation of the fluxes to the composition 
of the ores, with a view to obtaining a slag of a certain character 
and to the production of special grades of pig metal adapted 
to the given circumstances, lean ores containing 40 and 48% of 
titanic acid have been successfully smelted ina regular manner for 
years, but at a much greater expenditure of combustibles. 

6°. To decide what are the limits at which an ore containing 
titanic acid would require a modification in the ordinary charges 
used with similar ores free from it, would demand direct experi- 
ments, continued for a length of time, experiments which have 
only been made exceptionally in this country, so far as we know. 
How much would the extra expenditure of combustible, if any, 
be compensated by the special qualities claimed for the pig metal 
obtained, and we may say, certain to be obtained (independently 
of any particular beneficial action of titanium) by the possibility of 
using cheap and rich ores comparatively free from phosphorus, 
and, to a great extent, from sulphur; these are questions of 
practice on which we may have an opinion, but which cannot be 
discussed in this present paper, our aim having been especially to 
present facts upon both sides and not merely a personal theory. 

7°, It cannot be maintained, at any rate, in presence of the 
European practice, and even of the limited American practice 
with such ores, that tnappreciable quantities, mere traces, or very 
small proportions of titanium in ores are objectionable and sure to 
cause trouble in the furnace. 

8°. If we rely entirely upon European practice the metallurgy of 
all kinds of titaniferous ores has been a compiete success. 

9°, The titaniferous ores appear to be ‘‘ par excellence” Bes- 
semer ores, containing little or no phosphorus, and they form, 
both in Europeand in many States of the Union and Canada, enor- 
mous deposits now useless. 

10°. The development of the steel industry is now taxing to 
their limit of production the best ores of this country; at least 
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those available in the Eastern and Middle States. Many furnaces 
import hematites from Lake Superior, which cost them at the fur- 
nace from $6 to $7 per ton, because these ores are comparatively 
free from phosphorus, while nearer at hand they have titaniferous 
ores as rich in iron or richer and yet more free from phosphorus, 
but which they do not dare to work. 

Even in Colorado, ores free from titanic acid are shipped, at a 
great cost, to certain works which do not care to treat the im- 
mense banks of titaniferous ores near by. ; 

The question of the use or of the exclusion of such ores is one 
which ought to attract the serious attention of metallurgists in 
this country. Enough has been done elsewhere to encourage 
efforts in this direction ; the metallurgy of titaniferous ores is no 
secret. ‘he results, if favorable, and there are all reasons to 
believe that they would be if we trust to what has been done in 
Europe, would richly pay for the expense incurred. 


New York, March, 1890. 


ABSTRACTS. 
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Analysis of Chrome Iron. R. FRESENIUs and E. Hinz. 
The authors effect the solution of chrome iron by subjecting 
it, while heated, to a current of dry chlorine gas. About 5 grms. 
of the chrome iron are placed in a small porcelain boat and then 
inserted into a refractory glass tube of about 60 cm. length. 
Suitable safety tubes containing water are attached to collect the 
volatilized chlorides. The porcelain boat must be heated very 
gradually, and the heat, finally, isso regulated that but little of the 
ferric chloride reaches the first safety tube. The operation re- 
quires about 3 to 4 hours. ‘For details as to the method for the com- 
plete analysis of chrome iron, see the original article., (Z¢schr. 
anal. Chem., 29, 28-35.) J. FF. @ 
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Separation of Barium from Strontium, R. Fresentvs. 

The author, in a series of test experiments upon the separation 
of barium and strontium from one another, finds that the methods 
depending upon the treatment of the mixed sulphates of barium 
and strontium with solutions of ammonium carbonate or po- 
tassium carbonate, either with or without the presence of a soluble 
sulphate, are unreliable. Although separately the barium. sul- 
phate is not appreciably affected by a solution of ammonium car- 
bonate, yet in mixture with strontium sulphate it is partly 
changed to carbonate when the strontium is largely in excess. 
When the barium is largely in excess, it prevents the decomposi- 
tion of the strontium sulphate. (Zéschr. anal. Chem., 29, 20-28.) 

a 2. &. 
Butter Fat. Sr. Bonpzynski and H. Ruri. 

The authors, as a result of their researches, confirm the reports 
of others, that fresh butter fat may contain free insoluble fatty 
acids, and that the rancidity of butter is due principally to the 
separation of free insoluble fatty acids and not to the volatile 
acids, since the latter first appear in the more advanced stages of 
the rancidity. (Zéschr. anal. Chem., 29, 1-6.) &.. ¥. &, 


Examination of Alcohol. H. Borntricer. 

In testing for such impurities of alcohol as aldehyde, acetal, 
and amy] alcohol, the author recommends the following tests : 

I.—(a.) Dilute some of the sample with a large quantity of 
water. If oily drops separate, test these for acetal, by (6), and for 
amyl alcohol, by (7), as indicated below. 

(d.) Test another portion for aldehyde by (8) and (3). 

II.—If drops do not separate on dilution with water. 

(a.) Test for aldehyde. 

(d.) Dilute some of the alcohol with two volumes of water, add 
chloroform, mix thoroughly, and after separation, evaporate the 
chloroform at a low temperature and test the residue for acetal 
and amy] alcohol as indicated below. 

If concentrated sulphuric acid and K OH produce no discolora- 
tion, only insignificant quantities of the above three impurities 
can be present 
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(1.) 
( Aldehyde is tak- } 
| en up, increasing | 
: : : { Amyl alco- 
Chloroform _-.--- 4 the volume of the } Acetal, do* ) hol Taito 
| separated chloro- | one . 
| form layer.* _.--- J 
(2. ) ; . . 
Ammon. Silver (No mirror } 
a eons : j but traces { No reduc- 
So]. and water on - Silver mirror ---- { ae are 
Se attnne ‘of reduc- f tion. 
So SAT, t iss 2252 
(3.) 


} Strong violet 
Colorless, aque- | color changed to 
ous so]. of fuchsin } blue* by cone. HC] 


and NaH SO,--- | (Detects 1:500.- 
PORE bca6isieneeee No color -.. No color. 
(4. ) 
Addition of) 
anequalvolume of } Turns brown----Ditto..----. Ditto. 
conc. H,SO, J 
(5.) 
Add an equal 
vol. of solution of + Yellow color -.--Ditto -.-..-- Ditto. 
K OH (1:3) 
6.) 
Add equal vol. Carbonized and) Strong) Coloredsol. 
of conc. H,SO,, > faint smell of ac- - odor of ac- - of agreeable 
and then KOH )rolein* .._-...-- : rolein® ~~. POOR 
(7.) 
Add 3 drops ) 
conc. HCl and 10! Yellowish red j . : 
: Pky “ r _ Jj Raspberry 
drops colorless an- ; color if much al- - No color -- 4 _ ‘hai, 
bre : { red color. 
ff rn cere | ‘ 
(3. 
Add cone. sol. of } Brown discolora- 
2 eae bE ..cssacseses No color---No color. 
(Ztschr. anal. Chem., 28, 60-62.) os Fs G 


Examination of Aleohol. By H. Bornrracer. 
In continuation of the above (Zéschr. anal. Chem., 60) the author 
points out the following characteristics of propyl alcohol, C,H,0, 





* The author’s own observation. 
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and the butyl alcohol of fermentation, C,H,OH, both of which may 
occur in crude alcohol : 


Normal Propyl Fermentation 
Alcohol. Butyl Alcohol. 
ee a 0.805. 
2. Boiling point------- nike Oe 108-109° C. 
3. Solubility in Water--Easily--.------ With difficulty. 
4, Odor when rubbed ) Agreeable, § Disagreeable, oily odor, 
on the Saree ) fruity odor -? suggestive of fusel oil. 


? { Taken up by the chlor- 
aken up- - J 


. Add chloroform to Not ts 
{ oform. 


rey alcoholic sol. 30% 
6. Reaction of 10 ¢. , 
| 


of the alcoholic sol. w ith Raspberry red color (if 


3 drops of cone. HCl } the imp. is present 
and 10 drops aniline | in large quantity). 


inh eal a ia ic a ae wi 

Hence if a 30% crude alcohol is shaken with chloroform, the 
latter will contain, after separation, the amyl alcohol, acetal, 
aldehyde, and butyl alcohol of fermentation while ethyl alcohol, 
acetic acid and propyl alcohol will remain in the supernatant 
liquid. (Ztschr. anal. Chem., 28, 670.) a. FG. 

Estimation of Quinine in Quinine Tannate. Siemunp 
NEUMANN. 

The author in examining quinine tannates by Orrillard’s method 
found the method extremely unreliable, and, therefore, resorted 
to the following process : 

2 grms. of the finely pulverized quinine tannate were added to 
20-25 c. ce. of KOH solution (sp. gr. 1.240) contained in a glass 
stoppered cylinder of about 300 c. c. capacity. The mixture 
was thoroughly shaken, diluted with water to 60-80 ¢. ¢., 
100 c. c¢ of ether added and the whole again shaken. After 
separation of the ether, an aliquot* part of the latter was taken for 
evaporation and the quinine calculated from the residue. Quinine 
tannate should contain from 25-30% of quinine. (Ztschr. anal. 
Chem., 28, rae) J. F.G. 


*More eocuseite senile ania: be hind -™ sebvenabiings the alkaline 
solution with chloroform or ether and taking the whole of the solvent 
used, which would prevent the errors due to change in volume of the 
ether through evaporation or change in temperature. A I es 
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Abstracts of American Patents Relating to Chemistry. 
(From the U. S. Patent Office Gazette.) 


Issued March 18th, 1890. 
423,408,—Centrifugal machine. D. H. Benjamin. 
23,430.—Filter. O. H. Jewell. 

423,479.—Composition for felting boots, ete. A. D. Kizer. 

Consists of alum, oil of vitriol and water. 

423,516-—Apparatus for manufacturing oil gas. H. H. Engleman. 

423,522.—Lubricant. J. Lewandowski. 

Consists of prussiate of potash, sulphur and oil. 

423,530.—Disinfectant. J. M. Raymond. 

Consists of zine acetate, boric acid, aluminium sulphate and acetate, 
sodium hyposulphite, mercuric iodide and acetic acid. 

423,550.—Process of making blue dyes. C. Duisberg. 

A blue coloring matter that will dye cotton in an unmordanted bath, 
and wool in a neutral bath is obtained by combining the tetrazo-compound 
of benzidine disulphono-disulpho acid, with alpha or beta naphthylamine, 
or their alkyl derivatives. 

423,569.—Azo dye. P. Ott. 

The process of obtaining substantive dyestuffs from intermediate prod- 
ucts not dyestuffs in themselves, derived from diamidodiphenylene oxide 
and from diamidoditoluylene oxide, which consists in combining the tetra- 
zo compound of the latter with one molecule of an amine or a phenol, or 
their sulpho or carbo or their sulpho-carbo acids, and combining the prod- 
uct of the reaction with another molecule of an amine ora phenol, or their 
sulpho or carbo acids or their sulpho-carbo acids. 

423,583.—Fire and waterproof roof covering. J. G. Wolf. 

Is composed of fine particles of woody material, burnt mag‘nesite and 
magnesium chloride. 

423,615.—Filter. W. Mailler. 

423,656.—Paint. C. L. Baker and M. Thorkelson. 

Consists of raw linseed oil, lamp black, coach japan, turpentine and 
natural mineral paint. 

423,683.—Acid bottle. E. Hart. 

The bottle is constructed of mineral and animal wax, and provided with 
a stopper of the same material. 

423,699.—Roofing composition. M. W. Powell. 

Consists of resin, asphaltum, petroleum residuum, kidney oil and 
actinolite. 

423,767.—Filter. W.M. Hough. 

23,768.— Air pumping apparatus. S. E. Hughes. 
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423,866.—Soap. J. A. Gunn. 
A hard soap having animal hair in appreciable and interlocking and 
intertwining lengths combined therewith. 
423,868.—Production of chlorine gas. C. Hornbostel. 
423,869.—Apparatus for making fluid extracts. J. W. Hyatt. 
423,875.—Disinfectant. D. W. Macdonald and J. G. Flower. 
Consists of boric acid and salicylic acid in combination with potassium 
permanganate and a silicate. 
423,883.—Disinfectant. W. P. Taggart. 
Consists of chloride of lime, water, potassium permanganate, salt and 





saltpetre. 
Issued March 25th, 1890. 
423,896.—Laboratory burner, specially useful with gasoline gas. J. F. 
Barker, 


423,898.— Air carburetor. R. D. Bradley. 

423,927,—Soap powder. H. Hayward. 

A mixture of ammonium chloride, borax, sodium carbonate, and soap 
not melted, but ground together in a cold and dry state. 

423,930.—Process of diffusion for sorghum cane, etc. H. A. Hughes. 

423,949.—Process of purifying brine. C. C. Peck. 

The brine is treated with sodium carbonate at its boiling point. 

423,970.—Blue carbon dye. M. Ulrich. ] 

The process of obtaining substantive dyestuffs from intermediary pro- 
ducts that are not dyestuffs, which consists in combining one molecule of 
a paradiamine with one molecule of a dioxynaphthaline sulpho acid, and 
then combining one molécule of the intermediary product obtained with 
another molecule of dioxynaphthaline sulpho acid. 

423,978.—Bottle stopper. E. W. Abbe. 

423,995.— Wire galvanizing apparatus. B. A. Grant. 

424,005.—Ice machine. J. C. Kitton. 

424,019.—Brown carbon dye. R. Nielzki. 

Yellowish brown coloring matter of the formula C, H,,—8 (NO,) N, 
Cn Hy»—9 (OH) (COOH) produced by condensing a nitro-diazo body with 
an ortho-oxycarbonic acid, insoluble in water and dilute acids, readily 
soluble in alcohol, ether and diluted alkalies. 

424,024.—Blowpipe. W. R. Rawlings and J. J. Rawlings. 

424,080.—Transparent filler. J. A. Skerry and J. Derosier. 

Consists of oil, turpentine, drier and lime. 

424,124.— Apparatus for purifying water. F. H. Moore. 

424,228,—Method of applying designs to watch dials. F. Schmalz and 
J.C. Firmbach. 

The process consists in covering the face of the dial with a soluble sensi- 
tive coating, which becomes insoluble on exposure to light, exposing the 
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dial to light under a negative, then applying a liquid enamel or ink over 
the whole surface, covering both the exposed and unexposed portions, 
then washing off the portions of the coating remaining soluble, and finally 
firing the dial to set the remaining portions of the enamel coating. 
424,252.—Composition for ornamental brick. J.C. Anderson. 

A mixture of clay and brass. 

424,253.—Composition for ornamental brick. J.C. Anderson. 

A mixture of clay and copper. 

424,254.—Composition for ornamental brick. J. C. Anderson. 

A mixture of clay and phosphor bronze. 

424,299.—Combustible coal brick. J. H. Hiertz. 

Consists of coal dust or slack, slaked lime, tar, salt and turpentine. 

424,303.—Filtering apparatus. H. J. E. Jenson. 

424,325.—Apparatus for mixing and aerating wort and yeast. J. Meier. 

424,328.—Composition for fireproof paper or board. J. G. Merrill. 

Consists of vegetable or animal fiber, asbestus, alum or copperas, a color- 
ing matter, infusorial earth, and sodium silicate. 

424,352.—Process of producing marble-like or enamel-like objects. L. 
Preussner. 

Consists of basic magnesium chloride and a filler. 

424,353.—Process of producing artificial stone. L. Preussner. 

Burnt magnesia of commerce is mixed with concentrated hydrochloric 
and boric acid, in proportions to produce a basic magnesium chloride and 
magnesium borate, and the product is mixed with a filling material. 

424,357.—Pepsin. J. B. Russel. 

Is obtained by macerating hogs’ stomachs, clarifying the resulting solu- 
tion, subjecting the solution to dialysis, and evaporating the remaining 
solution. 

424,375.—Filtering apparatus. T. Stewart. 

Issued April Ist, 1890. 

424,464,.—Filtering machine. J. A. Crocker. 

424 .547.—Plaster. J. E. Turner. 

Consists of sand, plaster of paris, prepared slag, glue and alum. 

424,590.—Candle for killing insects. R. Atkinson. 

Consists of stearin or other equivalent material mixed with insect 
powder and alum, and molded around a wick. 

426,615.—Apparatus for refining camphor. W. V. McKenzie. 

426,653.—Paint. R. Morris. 

Consists of about 20 parts resin, and 7 parts each of zinc oxide and 
gypsum, powdered and mixed together and adapted to be either fused 
by heat upon the surface to be protected or to be liquefied by a ‘solvent. 
424,679.—Filter. F. Lascar. 
424,755.—Furnace for recovering soda. H. Blackman. 
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424,756.—Process of recovering soda. H. Blackman. 

426,760.—Apparatus for drying starch or other solid matter. F. M. F, 
Cazin. 

426, 762.—Filter. W. D. Cummings. 

Issued April Sth, 1890. 

424,961.—Composition for treating fuel. J.C. Cooper. 

Consists of sodium chloride, aluminium sulphate and potassium car- 
bonate. 

424,991.—Simultaneous manufacture of soaps and carbonic acid. E,. 
D. Mellen. 

An alkaline carbonate or bicarbonate is mixed with rosin or any suitable 
organic acid in a digester provided with suitable means both for regulating 
the chemical action and for withdrawing the gas, and spraying the mixture 
with fine jets of steam. 

425,039.—Chloral formamide. J. F. von Mering. 

425,040.—Chloral formamide. J. F. von Mering. 

Prepared by treating chloral with formamide. 

425,081.—Process of making zinc sulphide. A. Keiller. 

Toa solution of a zine salt is added an alkaline sulphate and hydro- 
thionic acid. 

425,246.—Bunsen gas burner. L. Paget. 

425,292.—Apparatus for manufacturing oxides of metals. S. R. Bradley 
and A. C. Bradley. 

425,310.—Apparatus for the pasteurization of beer. T. Evans. 

425,316.—Process of distilling water. A. Gerdes and B. Thoens. 

425,350.—Method of and apparatus for manufacturing artificial fuel. 
G. Y. Smith. 

425,.351.—Artificial fuel. G. Y. Smith. 

Consists of peat, 1,200 parts; culm, 600 parts; rosin, 100 parts ; pitch, 







100 parts ; rye flour, 5 parts, and lime, 5 parts. 
425,374.—Filter. C. B. Elliott. W.. BR. 


Issued April 15th, 1890. 

425,412.—Composition for coating iron and wood. I. T. Dyer. 

Consists of asphaltum, sulphur, lamp-black and lard oil, 

425,418.—Welding compound. M. Garrison. 

Jonsists of borax, carbonate of iron, clay, and small particles of iron 
filings. 

425,421.—Apparatus for treating beer. C. Haefner. 

An apparatus for forcing the carbon dioxide produced by fermentation 
into the easks of beer. 

425,431.—Filter of porous fabric. J. W. Hyatt. 
425,504.—Red dye. R. Gnehm. 











ar- 


ble 
ng 
re 


ly 











ABSTRACTS: AMERICAN PATENTS. 125 
Obtained from succinic acid and dimethylmeta-amidophenol. 
425,525.—Orthonitroparadiamidodiphenyl. J, Schmid. 
425,537.—Water filter. C. H. Dismitt and G. W. Walters. 
425,545.—Apparatus for saving gold, silver and quicksilver. F. A. 

Luckenbach. 
425,573.—Filter. O. H. Jewell and W. M. Jewell. 
425,603.—Process of treating kitchen garbage. G. Fleischman. 

The garbage is converted into a dry fertilizer and grease, by drying and 
extracting with a volatile solvent. 

425,614.—Dyeing apparatus. C. L. Klander. 

25,648.—Gelatinous explosive. F. A. Abel. 

Consists of nitroglycerin and nitrocellulose to which tannin is added, 
whereby the explosive is rendered ofa propulsive instead of a disruptive 
character. 

425,661.—Process of galvanizing plates. E. A. Davies. 

425,668.—Compound for cleaning jewelry. F. Graffe, Jr. 

Consists of potassium bitartrate, rouge, potassium hydroxide and water. 

425,675.—Means for coating metal pipes. J. D. Hooker. 

Metallic pipes are coated inside and outside with the gummy residuum 
produced in the distillation of some petroleums, and known as “ purified 
maltha.”’ 

425,703.—Dye vat. C, A. G. Schmidt. 

425,813.—Apparatus for the reduction of argentiferous ores. O, Lum- 
aghi. 

427,877.—Process of carbureting air or gas. S. Hanford. 

425,885.—Process of making azo dyes. M. Kohn. 

The process of producing violet to blue-black azo dyes for dyeing wool, 
which consists in combining the diazo compounds of the sulpho acid of 
aniline or its specified equivalents with alpha-naphthylamine, again diaz- 
otizing the amidoazo compounds thus obtained, and combining therewith 
phenylalphanaphthylamine or a homologue thereof. 

425,.869.— Art of reclaiming rubber from waste rubber stock. N. C. 
Mitchell. 

425,904.—Composition for preserving food. W. Radam. 

A fumigating composition consisting of sulphur, sodium nitrate, man- 
ganese dioxide, sandalwood, and potassium chlorate. 

425,905,—Process of utilizing acid for residuums. C. Rave. 

425,919.—Dye for leather. E. O. Wallace and 8S. M. Wallace. 

Consists of ferrous sulphate, aniline, potassium bichromate and cupric 
sulphate. : W. R. 








